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(57) Abstract 

PURPOSE: To reduce an area and power consumption. 

CONSTITUTION: Transfer gates TSG1. TSG2 are 
respectively provided between a bit line BIT. a bit bar 
line BIT# and both ends of a sense amplifier 3. Thus, at 
the time of sensing a read, the line BIT, the line bIt# 
and the amplifier 3 are separated by the gates TSG1, 
TSG2 to prevent the line BIT and the line BIT# from 
fully swinging. In this case, the lines BIT and BIT# are 
regarded as being slightly at a potential difference by 
a memory cell, and almost no charge and discharge 
cun'ent flow. 
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^:©K^c*n^^^^ :r>«iSi®(e''^^i®b^>^77' 

i:cD3fe?lJI51B&*■€■^^^naatt^ ^-Ir >y^T>r©WSSgl5 

3 CD b ^ >p^7 T-y- h ^^ti-enisitfcMO sm;^ 

[0 0 0 1] 2^ 
[0 0 0 2] 

SRAM*siM, 4M, 16Mi; 

:5o C®J:-5*:SRAM(3D-«?!li:bTv IEEE JO 30 
URNAL OF SOLID-STATE CIRC 
UITES, VOL. 25, NO. 5. OCTOBER 
1 9 9 0 1 07 5— 1 0 8 1" A 2 3— ns 4 
—Mb CMOSSRAM with 0. 2/zA S 
tandby Current" (WT. »Mli:V> 
■5) ^^UTU-3£2ta*^n2>D-*;Hr>:^T 
>:?'fc:L'r 1 6{i® VS^;^ •5' l^fc^**^ 

[0 0 0 3] SRAM®i!j#«ffi®®T> :^§fi 

^ u ictams n-c v^t»«*s^fe« ^ n^-r < * o -c 

55l^^'mi®$:RS<♦^^i:l'"C^ :&M<Hfi^4^«S 6 3 — 
1 2 8 6 6 2 {&.r. j»^42 i:v>a) tctnti. 7 U 

[0 004] 

[#BW*sjj?*b<tai:-rs»®] bi^b. ±IB«e*©^ 50 



^U^®T't±. D— A;^K:^r>;^T>r^a<^:i:ttt• 
'^T CD * u V ®— 52'- '-^ ^ ^ ^ S ^ ''^ 
ts:*). :K§i3^mm^'iS'Wtir^. »;(bH S 4 -M 
b SRAM chipSHSlCg^Nl". 03$:B2«i:D 
-*;i/-b>:5^7>7' (SENSE AMPLIFIE 
R) t*2&t)CDSi«S!eJSi:bT:B>3> ^fr®^i^4%4 
£«)-rv^S. :1CD;^^ ±5Kbfc»*42®7'J>^:^7P>y 

^cD;*;#$ttii^' hiUlgfi (C) ^^«3 

pF. l«>^»)®5SffllSIllS-r^t)*.l6<tffliSi!c (F) 
^felOMHz. tr>v bi^©Sffi^<brti (V) &3. 3 
V. Plfi#tiij#1-st>y VU-^-rm. (N) ^ 1 2 8 i:-r 

«sa (I) tt 

I=CxVxFxN 

= 3xl0""x3. 3xl0xl0'xl28 
= 12. 7mA 

[0 0 0 5] *%H^(i> ±i3tl£5l5®FpgS^^*^S*)® 

-c^ /^®«-e<gTiefi:t»-efe?.-b>;^T>rs:fflv>fcM 
■rs. 

[0 0 0 6] 

[HlS&«??*-rSfc»®*IS!] *^B^fflM0SMX<5'7- 

>'^-i^i:©F^ti^ti'^tv^ 1 © b ^ >:3^ 7 7-^^- b * 
^n^niSJt, K-fe>;^r>7"©W^SSi:7*-^J'>'^:^*3 
J. ; WN-x h ©M 2 © h 5 > :^ 7 

[0 0 0 7] *|6M®M0SM:^^'7^-f ^J'i'^* 

>XT>7®itSJggPfct^y M&*J:Vb:^; h/^-Sli:® 
^c^jx^nx 5f>«tn;®<ffiv^^l®h7>;^7T-y 

- b i::t>ffitr^©l^V^^ 2 © h 7 >X 7 T-'y- b i:® 

M^ijuii^^^n^n^its ^■fe>p^7'>r©fflsggi5i:7^ 

[0 0 0 8] 

[#ffi] ±i3iSjR«i®«ifiKt^<t>)x u-^•l^K^i^ * 

1$, ti«j; biia:feJ;Vt:>;' ^^^•-lli:•b>XT>7•i:®F^ 
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>^ T> ri: 1 o h ^ 7 ^.^gg ^ 

[0 0 0 9] ^>fM${ctt, CO-fei.^T'vr^ 

^T>r®SSSg|5t4r>;^t-5iC55^)fe«(S^;j^5gr,^ 
>^ 7 > r ® ra©^ l(Dh^>y(,7 7~ff~ h Ji^tl 

c:®i^;St?H:. :t>ffiJn;oi|;v^^2® 

•t 7 > ©K©^ 1 © h 7 7 ^ 
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:7i:©ra©^2©h^>^7r->y-i.&IB,:^^ H,^^ 
T>7©4r>;^*^^-,.^^5^ ^^j, ^^^^^ 

7 LT-tr >^T> :r®ii^g|5{c^§;6:^(ji^5(^^ ^. ^ 

C^T-g3®|>5>p;7T-r-h^Hg^ v^-^y"^^ 

*.tif^-^.w^;;,t^_^^^^^^ c®ia©a(, 

f^T-. If h^ijitjct.^ h^t-iHtte^' 

v^^^*s6. >fi^^*5ii^v^^:As^, 2 ® ^ ^ >^ 7 ^ 

-'5^-h^^UT-b>;^T>:r-rKi&U filJ*, ^2© 

[0 0 1 1] ^fc, 5^ M&#ttlf^«l®fl|jg£cD;®^ 
i:l^«fc.^C©-fe>^r>rS^t,«:<X4,, 

7>^7r-!7--h. ^3®h5>p^7r-y-^^|ffl 
iJIr^^"*^*^^^ ■fe>^^>:^®^^gg|5t5-- 

^S^fJjitf, ■fe>^7>r®rai|gg|5{c-b>^^ 

>Ti:®K©^l©^^^^^^_^_j^^gg^ 

-^®»§ii^!*^fTd. ^®J;o{c, y^^^,^:^^j,^ 

[0 012] ^?>t. ^^f.>,^i^cDg¥^.;-^•^^5, 

[00 13] 

immm] &,r^ *^fiS(Dmmmiz^\.^xBLmt?>. 
[ 0 0 1 4 ] la 1 1 (Dmmm^nktM 0 s 

7U^i'-2;iig|lH:3{@®^5>>:^^^TPUl 
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5 

DR 1 ©SS^^A*^ ^ ^ ^ 2 

iSBtf h7>i?:^^TDRl®^-btSE«^Sn^ 
Vi^P^^TDRl. TDR2*K^'f/^-i:1-^7U>y 

7>5;^^TAC1. TAC2k*&fllfi£^nTV^So 
■bV^TVT-Sti. 2<@®NMOSb^>5^:^<5'TSN 

1 TSN2i:2(a®PM0Sb7>$^>^^'TSP 1. 

TSP2-emfiK$^VtV^So h^>>^;^^TSNl®H 

r_-:;--hTSG2C. ^(DV-^B:-fe>^»'HW«SA 

tt-b > S A # bt >y b ^^-«^B I T 
(Db^>^7r-y-hTSG2C, ^cD^-ba:-b> 
7.«as A^/M.-CK^y h«iB I TfiS® b^v^^r-y 

m^nxr.^^. V ^ > i;;.^ T S P 1 0 b V ^ >«i-fe > 

^«iisA$:/M.-cir«v b)^B I imcDYvyT.yy"-^ 

-hTSGlt> :&©y-bB:-b>^''t-«aSA#S^ 

sG2r :ecDv-;^tt-b>^S'i^B«^SAPtjt«i^n 
■cv^i,.^$?>^c, ^^>~^^^'^sP2®^•^^>tt-b 

>:;^7'C-«ilS A#&^bTli'V b^-^B I T#iBfl® b 

S A bt >v b *aB I Tfi!l© b ^ > ^ 7 T-'!;'- b 
TSG1C> ^®V-^H:H2>:^«»*§tSAPCgl«l$ 
n-CV^5o H>);b«ilBITfi!!l®b7>;^7r-y-bT 
SGUi. -bV^i^SA. *^i.b7>X7r-?'-b 
TCG 1 4cf^b■C7^-<5'^'5^D ATAlClS^Sn-CVN 
S ii5/b^'5-i!SlBIT#ffl9©b^>^7r-'y 

-VTSG2a:. -ty^^^-nsAn. fivKV^yT. 

y _ h T C G 2 ^^b-C7^-^^'5-;'5;^D AT A 

SN 1 CD^mDB:Hr>P^T>:^3®-*SSJ^^^b. 
b^V5^^<5'TSP2, TSN2®g?^^EH:-fe 

>^T>7•3®ffe;^^sa5*^^b■rv^5o mmu 

SGttb^>;=^7r-^^-bTSGl, TSG20^- 

ht^en^nji^sn. «<jp«acoLj±A^Ab7>^ 

yy-ff~Y1CGl, TCG2®y-bC*n«tv^ 

[0 0 15] ±ia«fiRi-<t^^ u-b-i«> y ^ 

ACl. TAC2i>^8B§. If^v b^B I TiSitf tr>:' b 

;<5-«aBiT#t/*'J^;i/2rtt:^bi/-i^^tvrv^ 
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iHfKI¥7-l 6 1 1 9 2 ^ 
6 

I Ti3<ty^l^ b;%--«aB I T#i:-b>;^:^>^3 i:© 
F^Ob^>^7T-y-bTSGl. TSG2tt*n^ 
nilV^•C*3t^ -bVy^ftlJffiimSAP. SANi5i:tF-b> 

^JiiisA. sA#©mffisi/2v..tc-fe>y b-r?.o c 
'T- ^yT^yyy^^^ *^-b>>^^/^^-b^^^c 

®-fe>>^)SSisA, sA#c-fe>;^i-s©t:^^*^^<5i^ 

*s4bM^^ VSG©«&^GNDtcTlfT. H>y 

10 M^BiT*J;y^i^-:'bA--$aBiT#i:-b>;^7>^ 

3t©F^©b^>;^7T-y-bTSGl. TSG2& 

^n^nsb. -ir>;^siiw«iisAP©ste=fev.cC. 

>>^SIJP!S S AN®mtt * G N D T > 7- 

3©-b>>^^^^-b^^S„ ^©ii#^ ti«;;b«|BIT 
l3J:Utt-v b^<c-«|B I T#i:-b>;^Ty^3 i:©K© 
b7>>^7r-'y-bTSGl, TSG2i)5^^^^i^« 
CTV^2,fc«>C. tf-;' b«IB I Ti3i:tFH>;/ b;N--«aB 
I T #©«tt«±^ ^ "J -fe^l' 2 i t) ibfcS^a^©** 
f$.?>. ^e>t^. ^.>^T>^3CiS^r>^:^^T 
U -b>;<T>7'3©W*SgP©-b>^^SA. SA#t>- 
^g3Sa(4^*5^bfefc:i?.tN ij^hV-yyT^yr- 
y-hTCGl, TCG25&^n^tvPlts ?-^J'-''^ 
XDATAt5iV^-^'^-^''^DATA#{C7*-^'& 

[00161 w±© 1 ^©iJ^^-tN "^^^ ^ 
S(ft^#4bt:v>s©»»»^-c% si:^ir^fi!tM^^^i^^ 

«:V^. fc«U K>yb)iaBITi5cttJ'l^>vbyN--^BI 
®Tn p{*'m«C^b-Ctt. «I**S^^b-CV^:feV^. 

;w2S»ic^*'m^lc*fbT:ffirtt*^fc*fc^> 

[0 0 1 7] y^ bl^CJi. c®-b>;^T>r3 
^^t3«:<-C*.> T=-^AXDATA*5J:V^-^^"5- 
;^•;^DATA#^7;^;^^>^^^*^ l^^)'b«ilBITi3 
iVVf^y b^-^-iHiB I T#i:-b>^7>:/i:©M©b7 
>;^7T-y-bTSGl. TSG2^e.l^*7Ab7 
>X7r-'^-bTCGl, TCG2^Pll^CM»tna 

7^;;^ D A T A4o J:T;=7^-^' ^^'-^^^ D A T A # {±7 
*5Ab^>:^7r-y-bTCGl. TCG2 

^^ii^nm. ■fe>>^T>:/3PJS©-fe>^^sA43 

j):r -l:>y^T>7-3©lSiSa5©"b>^^SAi3<ttF-b 

50 >:^n-iiasA#c-bv>^-r%©K?i5^«tsfii^*'^^ 
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7 

1, TCG2 5^^^^nBl^^ -b>:^M^IISAP®S 
(4&V,,{;, ■fe>:J^SiJI8ii^SANffl«fic^GND{cg[VA 

:^ > 7" 3 CD iiS4Bfc:^^:*:§ &Stfi[^As-lr T § fc^ 
J^T\ hMB I Tib'itftr-v h/^— i^B I T#i:-fe 

>::^T>y3 tcom<Dh^>7.yT—^— h t SG i , 
>'t-i^B I T#* K^-f rruT^t ';-fe;i/2{c«$a5!)^ 

Sffd. ClCDi^t:, 7^— ^>'^;^DATA43itf7^— ^' 10 
/W^;!iDATA#^;*;^*i$-B-:&V^®T\ if3^<<t 

C 0 0 1 8 ] la 2 tt*#6W®m 2 ©HSfBt^^^-TMO S 

ttx l2llOh7>>^77'— hTSG 1, TSG2® 

SSI, TSS 2*^n-?'nM^J{^<tAPb, U— 

CCD -y— hTS S 1 , TSS2 

*:i->$-e-Tlfvhiji|BIT43J;Vbrry b>'t-ijgBIT 20 
# AS -b > ^ T > r 3 ic J: t) ^ < ^ i e, n S J: ^ U T V ^ 
5. 

B I T#©'<T«{c:-fe>XT>r3$lS{tv c:®-fe>>^ 
7'>7'3CDM^gPtt. M^JSM^nfc:t>fittCDfiV%b 
^>^y 7— y— h T S L 1 >ffi{^;cD-^■^;Sv^ h 5 
^J^^^y—y-bTSS 1 l^^ifhX\f.^if hi^B I 
^J^^tlx 5lli?IJgEi^$nfc:i->ffiJftCD<SV%h^> 
7. y -r-ff- h T S L 2 >ffi^ii[;cD-^-^iSv^ h V >^ 
^^-'^^-^TSS2i:&:^^bTl^•;' hy^-i^B IT# 30 
SSI$^^TV^5. $f>{c, «!lfflii^SLa:l>^>x:7T- 
-y-hTSLl, TSL2CD'y-h{;:*^l^ft^igg$ 
tix SfJfflliilSStth^VX^r— -y— hTSS 1, TS 
S2cD'y-^{^•e^v^^^gig|^^^TV^5. ±f3«fiK{3J; 
f)x U-K^, *-r, !7— Ki|gWORDCD«{55lAsm®mjEV 
..{c±#bT, b^>i^;^^TAC 1 , TAC 

2*sgg§, tr«v hi^B I TiJiUftr-y h^t-iHB I T# 
{c / * y -fe;i/ 3 t:x M/— $^tT frjs D 
feSteHjbs^DS. ccD^f. :t>ffiJ^;cD^Sv^. b:>> hi® 

B iT^jivifs/ hM-«aB I T#i:-fe>:;^r>r3i: 40 

CD^CDh^>X7T— if— hTSL 1, TSL2{i-^tL 

^J'-h^-B-J&V^. 3f->ffiJrECD«5V^b7>>^7r— ir-h 
TSSl. TSS2H:. ;iCDI$;/KT-H:iaitTt.. atT 

*)A^^o b«^<KFF^ASigabfc^. -t>;^r>:7'3cD 

SIB I T*5J;Utlf 5* h/^— USB I T # i:-fe>>^7'>7'3 
i:CDKCDh^>:J^7 7'— bTSGl, TSG2*^ 

ti-enfflb. tr^y hi^B I T43«tiKtf>v h>'^— ^B I T 

#i:-fe>;^7'>r3i:©racDh^>X77'— -y— hTS 50 
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8 

3 1. TSS2S^tl^nMJt. -fe>;^©W$|SAP© 
Se&V.efcx H:>;^SiJ»jaSAN®«(5i?&GNDt5| 

V>T-tr>^T>7'3©-fe>X^;^^-h^-a-S. 

(C. ■b>>^As«l7bT-t>;;^7'>7-3©iSSfiggB{c^t)5: 

TCGl. TCG2*^n^nMt. T^-^J'y^y^DAT 

A^5 iifT'-^j'yt-y^;^ DAT A # 1 7^-^ i^n^n 

[0020] Jti±© 1 ilClK^T- hr«y hi^B I T43 J; V 
tr^y hn-lgB I T#tt<gW' >t-^>>C©-fe>^7> 
:7'3T-|gi;^ns©TN USiS^lc^bTWttAsS 
5. b*»bx br«:/ h^B I T^S.tUftr^' N/t— i^B I T 

TSSl. TSS 2 5£-en^n:^bT-fe>;^T>7'3-e 
iK«;Ti.©TN iai©«J5E©*)©(Cit-^T. lf>^hi^B 
I T:fe<tutbr>;; h/t-i^B I T #©^|iAJ#/>::*;t < 

[0 0 2 1] i fe, hiftYftt. m 1 (D^^iLwm 

tc. ^©■fe>:^T>^3*ffit))5;<T*)5^-;S'7t;:^DA 

T A 43 i ^ / \'— 7 1:^ D A T A # s 7 -f > ^ 

tTs; M^B I T43J;Vt:^/ h^*^— SgB I T#i:-fe 
T > r 3 i:®F^© h V > 7 T— b T S L 1 , 
TSL2$e){3^j^A h^>;^>'r— -y— hTCG 1 , 
T C G 2 *|5)^{cM{t*Uf T^-^'&agatrC i:*!T- 1 
SA^x bA^U ■fe>^T>7'3<&iM^$-&sc:i:KJ; 

it)¥< J;t)<£rSeS:/3T-7^-^^»tiitJii:As 
T-§5. C©«tiia«^m3. ^-Tx T'^-^yN-^DATA 
:feJ;iF7^-^n-A;^D ATA#a:7;b;^-j7>f 
fx 7*-^C*Sbfct)-rA»!&«{s5[||?fe*#. A7Ah7 
>;^7r-'y-hTCG 1 , TCG2^^n^^T,ga§, 
•fe >7l7'>7-3 ©MSgg|5©-b >;:^i^S A43 J;lF-fe >X>'^ 

T > 3 ©M^ggpc-b -r S ■TEtJS'^iStfiCllAsai ») a 
*tl&Bt^T\ *^Ah^>::^77'— -if— hTCGl, 

T c G 2 ^^-en^tiffl bx •fe>;^$ijfflii^SAP©ii{i^ 

V.cfc:, Hr>;^*!lfflI«SSAN©«{45GNDH5l^, -fe 

^i^^^:k§tj:miiL&-tfi-\ryxx-§fzm}kX\ bf«yhi^ 
BIT:feJ;ycif5; h^^-i^B I T#i:-fe>^7>r3 i: 
©ra©h7>;^7T— y-hTSL 1, TSL2&^n 
■?-m8§. tr<;/ b^B I T;fe<tUfhr«:/ h>'^— i^B I T# 
S K^^':7bT^^U-t;i/2{C7^-^©^§a*i^fx 
a. C©<ta{C, 7=^— ^'>'^XDATA*'J:yt5=^— ^^y^— 
n;^DATA#*:*;M*i^-&35:v>©T?. J;»)^<J;»)® 
?^ « « ;^ T- 7^ - ^ * » § ii tf AS T- § 5 . 
[0 0 2 2] ^-r hfcr^y hiS©BS^i;-Ke,^ 

h^izM-t^TmizMLX'b^\^ymitt:nkir„ mSiL^ 



l±-b T > >^ 3 1 i -tJ "T t) D — V'T ^ © 

[0 0 2 31 



-b > T > 7" {c J; 5 ^ < ^ ^ e> n S J; -5 b T V > 5 
[01] 
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[@ia<D@#'5:§li^] 

[01] *^H^®^lcDll^fi^^J*s^^1"M0ss:^^'7''f 

>y ^ ^ ^ ^B® USSHt- S o 
[0 2] ;*:^WO^2CD|^0il^^f MOSS;^^?'f 

5; iJ' ;< ^ U ^gffl Is]B&0t? S . 
[0 3] tJe5l5®«)|^llCi3ltS4-Mb SRAM c 

h i pSr^t"0'C^So 
10 2 >{tU-b;i/ 

3 ■tyxT>y 

TSGl, TSG2. TSLl, TSL2, TSSl, 
TSS2 b5>X7r— -y— h 
TCG1,TCG2 *-7A b^>>^7T— b 
BIT t:>;;hi^ 
BIT# tr^yh/^— «l 
DATA 7*— ^-'^X 
DATA* 7*— ^J'/'C— 
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